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SUMMARY
A preponderance of parthenocarpic fruits is one of the out­
standing features of this investigation. Out of approximately 
3,000 crosses, 369 fruits were secured, over 99 percent of which 
were parthenocarpic.
A second significant fact is the pronounced manifestations of 
impotence of the species hybrids in cucurbits. Sexual derange­
ment, especially of the staminate organs, was clearly evidenced. 
In a number of the crosses which resulted in fertile seeds, there 
were pronounced manifestations of physiological weakness. 
These symptoms of either impotence or physiological weakness 
characterize the crosses of C. pepo and C. maxima and of C. 
moschata and C. maxima and their reciprocals. On the other 
hand, back crosses resulted in fertile seed.
In the instance of C. pepo x G. moschata and the reciprocal, 
the cross is apparently not so wide and the case may be one of 
incompatibility rather than impotency. However, the relation­
ship is not sufficiently close to admit of such crosses thru natural 
agencies. ,
Intervarietal crosses within the same species are readily made.
A study of the cucurbits now offered in the American seed 
trade and their segregates indicates that under field conditions 
species crosses do not occur in the cucurbits.
Pure lines of cucurbits may be maintained at a high degree 
of productivity and vigor, thru selection, of the most prolific 
strains.
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Species and Varietal Crosses in 
Cucurbits
By A. T. E rw in  and E. S. H aber
The genus Cucurbita comprises two important groups of 
vegetables, the pumpkins and squashes. Both are widely grown 
thruout the United States and represent an important food 
product. The question as to whether pumpkins and squash 
“ will mix” has long been a favorite theme for debate among 
gardeners. This project1 has for its purpose a study of the 
genetic relationship of Cucurbita pepo, Cucurbita moschata and 
Cucurbita maxima and inter-varietal crosses within species lines.
NATIVITY
Cucurbita pepo
The nativity of pumpkins and squashes has been an open 
question. Small2 collected a wild “ gourd” in the hummocks 
along the shores of Lake Okechobee, Fla., the leaf, seed and 
flowers of which are similar to those of our cultivated pumpkin. 
The fruit was of a pale yellow color, sometimes striped and 
mottled with green and not larger than a croquet ball. He also 
reports that the pumpkins used by the Seminóles for genera­
tions may be a cultivated form of this species. “ The stem and 
flowers, ’ ’ states Small, ‘ ‘ are identical with those of our various 
cultivated pumpkins. The fruits are larger than in the wild 
plant—they vary from spheroidal, often much depressed, thru 
pyriform to those of a short stout neck. ’ ’ The specimens col­
lected by Small belong to C. pepo and are regarded by him as 
the “ Tocola-a-chile” or “ country where gourds are pro­
duced,” mentioned by the Spanish explorer of Florida, Her­
nando de Escalante Fontaneda in 1575. According to the evi­
dence secured by Small, the Seminole variety is of historic 
origin. The Everglades represents one of the few spots in 
America “ unspoiled by the hand of man,” and the question 
raised by Small, “ Have we found the original home of'this gar­
den esculent?” is indeed suggestive.
We are advised by Neil M. Judd3, curator of American Arche­
ology, Smithsonian Institution, that fragments of cucurbits re- 
covered during explorations for the National Geographic Society
lrThis p ro ject w a s p lanned  by th e  sen io r  a u th or in  1921. F o r  th a t  
fna thA + - ° ne f0 l1l0 w iH,S’ D r C. F . W erk in th in , d eceased , a ss iste d
in tn e  poU in ation  w ork . F o r  th e  succeeding- five se a so n s D r E  F  
K f g & a S  h as rendered  v a lu a b le  a ss is ta n c e  in  a s im ila r  ca p acity , 'and 
[th e  a u th ors w ish  to m ake sp ec ia l a ck n o w led g m e n t to  h im  fo r  h is  a s ­
s i s t a n c e  and cooperation .
P um p k ins. Jour. N. Y. B ot. Gard. 23:19. 1922. 
, , , J uc!d’ Nel1 A 1- L e tter  to  sen io r  a u th or under d ate  o f M arch 23 1929.
Ida fcaBThV WSBES w a s k in d ly  fu r n ish ed  th e  a u th o rs b y  Mr. Judd’ prior  
to  the  p u b lish in g  o f h is  rep ort on th e  P u eb lo  B o n ito  ex p lo ra tio n s .
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at prehistoric Pueblo Bonito, N. M., have. been identified at the 
Bureau of Plant Industry, United States Department of Agri­
culture, and confirmed by Dr. m
-Ufate' tMxtmk'M
C trii. try , W-etlwilii 
%-dLa. I/jukA jí. -
0*f<A / X  .
F ig . 1. Cucúrbita pepo L . collected  
by A. W etherill at Mesa Verde in 1888.
C. Y. C oville. Among these 
fragments both stems and 
seed of G. pepo and C. mos- 
chata are present; the former 
predominates. No specimens 
of C. maxima have been iden­
tified from these explorations.
The Colorado Historical 
Society Museum contains 
specimens of cucurbit seed 
collected at Mesa Yerde in 
1888 by A. Wetherill, which 
are well preserved as to taxo­
nomic characters, tho very 
fragile. They were identified 
by the senior author as C. pepo.
Robbins and Harrington4 state that “ pumpkins were culti­
vated at all the Rio Grande (upper Rio Grande Yalley, N. M.) 
pueblos at the time of the discovery and are still a fairly im­
portant crop. Considerable quantities of them are kept for 
winter Use to be boiled or baked in the bread oven, and eaten.”
Safford5 reports that he found in the prehistoric cemeteries 
on the coast of Peru, near Lima, “ terra cotta funerary vases of 
different sorts, fashioned in the form of pumpkins and squashes, 
C. pepo and C. maxima.” These vases are now on display in 
the Field Museum of Natural History, where they, were in­
spected by the senior author.
One of them bears a striking 
resemblance to the Summer 
Crookneck, C. pepo, type as to 
shape, wartiness and angular 
stem.
These vases strongly suggest 
that C. pepo was a familiar 
plant to the culture of the 
Incas, and the botanist who 
delves into the fastness of the 
Andes may have something in 
store for us. At any rate the 
seed evidence seems conclusive
+W + P  ia q M nyfU F lg - 2- Funerary vase found bypnat Vj . pepO IS a INOrtn Amer- Safford in pre-historic cem etery, Lim a, 
ican plant Peru. (Courtesy F ield  M useum of
1 • N atural H istory)
4R obbins, W . W ., and H arr in g to n , J. P. E th n o b o ta n y  o f th e  T ew a  
In d ian s. S m ith so n ia n  In s titu tio n , B ur. o f  Am . E th n o lo g y . B u i 55. 
p. 9. 1908.
BSafford, W . E . Our H e r ita g e  from  th e  A m erican  Ind ian . A nn. R ept. 
S m ith so n ia n  -Institution , p. 406. 1926.
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Cucurbita moschata
So far as known to the authors, wild plants of C. moschata 
haye never been located. Paul S. Martin in the explorations 
made in 1928 under the auspices of the Colorado Historical 
Society at Ackmen, unearthed a burial urn containing a quan­
tity of cucurbit seed. These specimens were studied by the 
senior author who reports as follows: “ The seeds collected by 
Martin6 at Ackmen, Colo., show clearly the characteristic darker 
colored bands around the border and the wavy margin of C. 
moschata. The seeds were well preserved tho exceedingly fragile, 
and the embryos were a dark brown inert mass. The specimens 
from Mesa Verde consisted of a quantity of seed, rind and 
fruit stocks. The taxonomic 
characters of the seed were 
clearly defined and were iden­
tified as C. pepo.
“ This society also has in 
its possession specimens of 
cucurbit rind and fruit stalks 
collected at Mesa Verde by A.
Wetherill. These specimens 
had evidently been near a fire, 
for the rind was charred on 
one side. The fruit stalk 
scar was well marked, as were 
also the white and green 
stripes of the rind. The en­
larged and somewhat knobby
fruit stalk, coupled with the H R  „. illIU ^  iriUL
shape of the rind and the Mesa Verde by A-
green and white stripes,
strongly suggests the fruit of the Cushaw type of C. moschata.” 
These specimens were subsequently submitted by Erwin to Dr. 
L. H. Bailey and Dr. E. F. Castetter, who confirmed the above 
identification.
In commenting on the probable age of the material unearthed 
m these explorations, Martin expresses the opinion that the 
structure in which this mortuary bowl was found was built and 
occupied some time during the first 10 centuries of the Christian 
era. “ While our ancestors were yet barbarians, unversed in 
most of the arts of culture, and during the death-throes of the 
Roman civilization, these Indians were probably constructing 
their houses and kivas, making pottery, holding religious cere­
monies, planting crops . . . and exhibiting many traits indica-
M artin, P a u l S. T he 1928 A rch a eo lo g ica l E x p ed itio n  o f th e  S tate  
H isto r ica l S o c ie ty  o f Colorado. T he C olorado M agazine, V ol. VI, No. 1,
6
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tive of civilized peoples.” Seed of C. moschata has also been 
recovered by Dr. Neil M. Judd7 of the Smithsonian Institution 
in the Pueblo Bonito explorations.
Thru the courtesy of Messrs. Kidder and Guernsey8 the authors 
have been afforded opportunity of studying the collection of 
cucurbit material recovered in their explorations in the south­
west. These specimens are now in the Peabody Museum, Har­
vard University. The numbers referred to in the following notes 
made by the authors correspond to the museum accession num­
bers.
A-5627 from Cliff-Dweller burial of Pueblo III period in 
ruins near the mouth of Chin Lee River. Identified as seed of 
C. moschata. Many of the seeds badly discolored.
A-3331 from the same place is a piece of rind of C. moschata.
A-1252 from a small seed-jar at Cliff House No. 2 of Pueblo 
II-III period, Monument Valley, Ariz. Specimens unusually 
well preserved. C. moschata.
A-1235. Fruit stalk of C. moschata. Two specimens well 
preserved, one showing typical flaring base of Large Cheese type 
of C. moschata and the other the Cushaw type of C. moschata.
A-3195 from White Dog cave near Kayenta, Ariz. Fruit stalk 
charred but well preserved. C. moschata. This is of the Basket 
Maker II  period of Kidder and Guernsey.
A-1175 from Cliff House No. 1, Monument Valley, Ariz., 
Pueblo II-III period, is C. moschata. Specimen of neck of 
Cushaw type showing fruit stalk sear and typical green and 
white striping.
This collection also includes a photograph of an entire speci­
men of the fruit of C. moschata recovered from a Cliff Dweller 
burial on the Lower Chin Lee River near the Utah line.
The seed evidence from the recovered mortuary bowls in the 
southwest points conclusively to the fact that C. moschata is a 
native plant. The specimens recovered from the Basket Makers, 
exhibit No. A-3195 of Kidder and Guernsey, represent a culture 
antedating that of the Cliff Dwellers. They are the most ancient 
peoples of whom we have any knowledge on the American con­
tinent. In commenting on their probable age, Kidder9 states, 
“ It seems quite possible that the Basket Makers as we know 
them lived as long ago as 1500 or 2000 years before Christ.”
Cucurbita maxima
The evidence in the case of the squashes is less positive in 
character. The archaeological studies of the Cliff Dwellers and 
other ruins in the Southwest have contributed interesting facts.
• 7See page 347.
®Kidder, A. V., and G uernsey, S. J. A rch eo lo g ica l E x p lo ra tio n s  in  
N o rth ea stern  A rizona. S m ith son ian  In s titu tio n , B u reau  o f A m erican  
E th n o lo g y . B ui. 65. 1919.
9K idder, A. V. S o u th w estern  A rch eo logy . Y ale U niv. P ress, p 119. 
1924.
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The term squash is of Indian origin, according to Gilmore10, 
but all characterized by distinct grooves and ridges. This group 
‘‘wata h ti” (real squash). One of the southern clans of the 
Hopi Indians was called ‘ ‘ Patun” or squash family, states 
Fewkes11. The term Cushaw is also regarded as of Indian 
origin. Dr. Elmer Higley, of Ames, Iowa, a former missionary 
among the Indians, reports that the squash flower is a sacred 
emblem among the Hopis and signifies fertility or productivity. 
It is also so used as an emblem by the Navajo silversmiths, and 
it is interesting to know that it is the pistillate flower which is 
so used. In their decorations this form of the flower with the 
ovary is clearly shown, indicating that the Indians had surely 
observed that it was this kind of a flower which was productive. 
Robbins and Harrington12, in commenting on the Indians’ power 
of discrimination, suggest that “ the majority of white people 
are less observant and in many cases know far less about plant 
life than does the Indian, who is forced to acquire knowledge in 
this field by reason of his more direct dependence on plants.”
Gilmore13 notes the fact that allusion to the squash is found 
in the very oldest religious songs of the Pima tribe and reminds 
us that “ religious expression is one of the most conservative 
elements and does not take on anything new.” Grinned14 
states that the squash has been cultivated by the Cheyennes 
from earliest time. It must be noted, however, that the term 
squash has been used as a generic term for either pumpkins or 
squash. The evidence as to the nativity of G. maxima is sug­
gestive but not positive. So far as the authors have been able 
to ascertain from a diligent search, seeds of this species have 
not been recovered from mortuary bowls and definitely identified 
as to their species relationship; and the origin of this species 
remains an open question.
CYTOLOGICAL INVESTIGATIONS
In a study made by Dr. E. F. Castetter the diploid number 
of chromosomes in a pure line of C. maxima, variety Hubbard 
squash, was found to be 40. The diploid number in C. pepo, 
variety Connecticut Field, was also found to be 40, and in the 
instance of C. moschata, variety Large Cheese, the diploid num­
ber was 48. No distinguishable differences were found between 
the three species as to size or shape of chromosomes in micro- 
sporogenesis nor in the nuclear divisions of the root tip. Kozhuk-
“ G ilm ore, M. R. U ses o f P la n ts  by In d ian s. 33rd R pt. Bur. o f Am. 
E th n o lo g y . 43-154. 1911-1912.
“ F ew k es, J. W . T w o Sum m ers’ W ork  In P u eb lo  R u in s. 22nd R pt. 
Bur. o f Am. E th n o lo g y . 1. 1900-1901.
“ R obbins, W . W ., and H arr in g to n , J. P. E th n o b o ta n y  o f th e  T ew u  
Ind ians. S m ith son ian  In stitu tio n , Bur. o f Am . E th n o lo g y . B u i. 55. 
p. 9. 1908.
“ G ilm ore, M. R. U ses  o f P la n ts  b y  In d ian s. 33rd R pt. B ur, o f Am. 
E th n o lo g y . 43-154. 1911-1912.
“ G rinnell, G. B. The C heyen n e In d ian s. 2, 166. 1923,
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hov15 reports a diploid number of 40 in C. pepo, variety Pomo- 
formis and variety Citulira, and 48 in C. maxima and C. mos- 
chata. This phase of the subject evidently requires further in­
vestigation and the inclusion of additional varieties of each 
species.
DESCRIPTION OF SPECIES
During the past seven years practically all of the varieties 
of cucurbits offered to the American seed trade have been grown 
upon the Iowa Experiment Station grounds. Pure lines of 
G. pepo, C. moschata and C. maxima have also been under ob­
servation during the same period. The varieties have been 
classified according to the species and groups to which they 
belong, and the following description is a composite of all the 
cultivated varieties comprising a given species.
KEY TO ANNUAL CULTIVATED SPECIES OF CUCURBITA16
1. Prickly, deep sinuses between lobes.................................... G. pepo
2. Not prickly, sinuses indistinct or absent
a. Lobes pointed, with rare exceptions leaves soft hairy
with white spots at intersections of ve in s.........C. moschata
b. Lobes rounded; rough hairy, kidney shaped, white spots
never present.......................................... ....................... G. Maxima
B. Fruit Stalks
1. Cylindrical, soft and spongy, yielding readily to thumb-
nail ....................................................................................... G. maxima
2. Distinctly five-sided, regularly grooved, hard
a. Flaring at attachment to fruit.................... . . . .  .G. moschata
b. Not noticeably flaring or enlarged at attachment to
fruit .................................................... . ......................... . . .G.  pepo
3. Roughly cylindrical, not definitely five-sided, irregularly 
grooved, not flaring or noticeably enlarged at attachment
to fruit; hard.............. . ............................................... .. .G. moschata
C. Seeds
1. Color, grayish white to tan; margin thickened, deeper in
color and different in texture from body of seed; seed scar 
slanting, rounded or horizontal. ......................... .... .G. moschata
2. Margin, when present, identical in color and texture with 
body of seed.
a. White, or brown to bronze—seed scar slanting. .G. maxima
b. Tan colored. See scar horizontal or rounded........ .G. pepo
C. pepo, L. Pumpkins
Plants .vining or bushy. Stems five-sided, rough bristly to 
prickly. Leaves spiny, three to seven lobes with deep sinuses 
between. Foliage sometimes marked with white spots which 
do not follow veins as in C. moschata. Corolla orange yellow. 
Calyx tube of staminate flowers bulbous and constricted below 
sepals; that of pistillate flower short and disc like. Sepals
«K ozh u k h ov , Z. A. C aryotyp ic  P ro p er tie s  o f C u ltiv a ted  C urb itacae  
(R u ss ia n  t i t le ) .  B ui. o f A pplied  B ot. and P la n t  Breeding-. 14: 89-. 
1924-25. (O rig in a l paper n o t read .) A b stra cted  in  B ot. A b stra cts . 
15: 729-. 1926. '
16A  S y stem a tic  S tu d y  o f S q u ash es and P u m p k in s, b y  E . F . C a ste tter  
and A. T. E rw in . B ui. Io w a  A gr. E xp . Sta. 244. 1927.
A. Leaves
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I P ig . 4. Typical leaf of 
G ucurbita pepo, show ing the 
deeply cut notches character­
is t ic  of this species.
c. pepo
P ig . - 5. Typical seed scar of 
C. pepo. In some varieties 
the scar is rounded instead of 
square.
linear. Flower buds bluntly pointed previous to the opening 
of the flower. Fruit stalk five-sided, distinctly ridged and fur­
rowed, very hard at maturity and often slightly knobbed or 
flaring at point of attachment. Seeds tan colored, margin iden­
tical in color and texture with body; scar either horizontal or 
rounded. C. pepo comprises the largest list of varieties of the 
three economic species of cucurbits. In addition to the well- 
known Connecticut Field group, the so-called summer squashes, 
such as the Patty Pans and Summer Crookneck groups, belong 
here, as do also the varieties belonging to the Fordhook group, 
which are commonly retailed as squash. The following are the 
[groups of pumpkins belonging to the species pepo and also the 
varieties which belong to each group.
\ Connecticut Field Group. Fruits are either round with flat­
tened ends, or oblong; surface grooved. This group includes 
some of the best known canning varieties; a few forms, however,
are grown primarily for stock 
feed. Vines are of the run­
ning habit. The following va­
rieties belong to this group.
Connecticut Field 
Sugar Pumpkin 
Pie Pumpkin 
Fort Berthold 
Golden Oblong 
Mammoth Tours 
Omaha
Sandwich Island
Fig’. IL Connecticut F ield  - pumpkin.
10
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Fordhook Group. Rather small fruits, quite variable in shape, 
but all characterized by distinct grooves and ridges. This group 
embraces both summer and winter pumpkins, also bush and run­
ning plants.
Delicata 
Fordhook Bush 
Fordhook 
Panama 
Perfect Gem 
Table Queen 
Winter Nut
F ig. 7. Fordhook pumpkin.
Putty Pun Group. Fruits flat, edge scalloped. Summer 
pumpkins of the bush type. They are used before the shell 
hardens because the flesh becomes tough and bitter at maturity. 
Altho popularly known as squashes, the fruit stalk and other 
botanical characters clearly show this group to be pumpkins.
Early White Bush Scallop 
Early Yellow Bush Scallop 
G'olden Custard 
Mammoth White Bush Scallop 
Long Island White Bush Scallop
F ig . 8. E arly Whi.te Bush Scallop  
pumpkin.
Crookneck Group. Fruits golden yellow or white thickly 
warted and with long curved necks. Like the Patty Pans these 
are used only as summer pumpkins.
Strickler
White Summer Crookneck 
Yellow Summer Crookneck
■HB
F ig . 9 .. Summer Crookneck 
• pumpkin.
Vegetuble Murrow Group. Fruit oblong, skin smooth, shell 
hard at maturity, ranging in color from cream to dark green. 
Used only as summer pumpkins before shell hardens. Plants 
of both bush and running habit.
11
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Cocozelle
Long White Marrow 
Yining Cocozelle 
White Vining Vegetable Marrov 
Zucchine
F ig. 10. W hite Marrow pumpkin.
The Mandan and Chirimen pumpkins have not sufficient 
characteristics in common with the above groups to warrant 
their classification with any one of them.
C. moschata, Duch. Pumpkin
This species is the most variable of the three and hence the 
most difficult to delimit. In general it is most closely related to 
C. pepo, yet it possesses certain characters in common with C. 
maxima. All of the varieties belonging to this species have 
running stems. The typical forms have a five-sided stem, tho 
in a few varieties, the ridges and’furrows are not pronounced 
and the stems are inclined to be cylindrical. Leaves are three 
to five lobed, usually soft hairy and commonly characterized by 
white spots at the intersections of the veins. Flowers lemon 
yellow and larger than in C. pepo or C. maxima. Corolla tube 
somewhat flaring. Fruit stalk five sided in the varieties be­
longing to the Large Cheese group but variable in the Cushaw 
group. Calyx tube of the staminate flower quite variable in 
shape, that of the pistillate disc like, both often five sided and 
flanged at top. Sepals long or short and with or without leaf­
like terminations. Flower buds pointed. Shell of fruit hard
F ig. 11. Typical leaf of 
C. m oschata .
C. mosch&td.
F ig . 1.2. C haracteristic w avy  
m argin , and seed scar of C. m os­
chata . .
12
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except Japanese Pie. The fruit stalk of C. moschata is typically 
five sided, distinctly ridged and furrowed and flaring at point 
of attachment to fruit. However, in a few forms of the Cushaw 
group these characters are somewhat modified, the fruit stalk 
being indifferently grooved, the stem roughly cylindrical and 
not noticeably enlarged or flaring at base. The fruit stalk is 
hard at maturity. The seeds of this species are characterized by 
a wavy marginal band, deeper in color and different in texture 
from the body of the seed. Color of the body ranging from 
grayish white to tan. Seed scar variable, slanting, horizontal or 
rounded. The three important groups belonging to this species 
are the Large Cheese, Cushaw and Tennessee Sweet Potato.
Cheese Group. Smooth, creamy buff, thin shelled fruits of 
various shapes. Popular with canners, also desirable as stock 
feed on account of the thin shell.
Calhoun
French Cocoanut 
Large Cheese
F ig . 13. Large Cheese pumpkin.
Cushaw Group. Plants of the,running type. Fruits smooth, 
with a curved or straight neck and much enlarged at the blos­
som end. Used extensively by canners.
Mammoth Golden Cushaw 
Small Golden Cushaw 
Striped Cushaw 
White Cushaw
F ig . 14. Striped Cushaw pumpkin.
Tennessee Sweet Potato Group. Fruit pear shaped, neck 
elongated but not curved, usually not large, ranging from 10 
to 15 pounds. Color of skin ranging from white to deep buff 
and lemon yellow. Flesh salmon, light orange to lemon yellow. 
Plants vining.
13
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Japanese Pie 
Quaker Pie
Tennessee Sweet Potato
F ig . 15. Japanese P ie  pumpkin.
C. maxima, Duch. Squashes
Vines strongly running, stems cylindrical or nearly so. Stem 
and leaves rough hairy rather than spiny, as in C. pepo and 
more velvety in texture. Leaves kidney shaped without distinct 
sinuses between the rounded lobes. Corolla tube of both 
staminate and pistillate flowers nearly cylindrical; the lobes 
reflexed. Flower buds in both sexes square rather than pointed 
as in C. pepo and C. maschata. Sepals long and linear. Fruit 
stalk cylindrical rather than ridged and furrowed as in G. pepo 
and C. maschata, usually swollen at base, fleshy, remaining soft 
at maturity. Shell hard in some varieties and soft in others. 
Color of seeds usually white but in some a golden brown fawn 
color. C. maxima is characterized by slanting seed scar.
F ig . 16. Typical k idney-shaped  
lea f of G. m axim a.
C. m a x im a
T r u e
F ig . 17. Typical slan ting seed scar of 
G. rhaxim a.
Banana Group. Fruits elongated and somewhat tapering at 
both ends; not so well known as the Hubbard group but con­
taining some varieties of excellent quality. The following belong 
to this group:
14
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Banana . 
Alligator 
Gilmore
Mammoth Whale 
Plymouth Rock 
Winnebago
F ig. 18. B anana squash.
Hubbard Group. Fruits of a general ovoid shape and always 
pointed at blossom end. Surface varies from smooth to strongly 
warted; in color ranges from deep green to orange. This group 
comprises a number of the most widely grown varieties of 
squashes. They store well and are popular for table use. 
Ankara
Autumnal Marrow 
Blue Hubbard 
Chicago Warted Hubbard 
Delicious 
Golden Delicious 
Golden Hubbard 
Green Hubbard 
Ironclad
Kitchenette Hubbard 
Marblehead 
Prolific Marrow 
Sibley F ig . 19. Green Hubbard squash.
Turban Group. Turban shaped fruits, usually with a button 
at blossom end. With the exception of the American Turban 
the thick hard shells of the fruits makes this a group of good 
keepers. Not widely cultivated.
American Turban 
Essex Hybrid 
Bay State 
Victor 
Warren
r j 6. ¿u. Am erican Turban squash.
Mammoth Group. Large squashes, used for exhibition pur- 
S?sesbnn ^ nmng and stock feed, some specimens weighing more 
than 200 pounds. The varieties are sometimes erroneously listed
as pumpkins at fairs and other exhibits.
15
Erwin and Haber: Species and varietal crosses in cucurbits
Published by Iowa State University Digital Repository, 1928
357
Atlas
Estampes
Genuine Mammoth 
Mammoth Chili
The foregoing lists include 
all of the commonly cultivated 
varieties of squashes except 
Faxon’s Brazilian, which can­
not be placed with any particu­
lar group.
F ig. 21. K ing of the Mammoth 
Group. Frequently shown at fa irs as- 
a pumpkin hut in reality  a squash.
TECHNIQUE OF CROSSING
In any genetic study accurate control of the parentage is 
fundamental. Any contamination from foreign pollen vitiates 
the results thruout. On the other hand, the means of protection 
from such contamination is also important. Several investigators 
have used parchment bags for this purpose. In our experience, 
flowers of the cucurbits so covered are not normal, and a much 
higher percentage of the pollinations are likely to fail than with 
those left exposed to the sun and air. For this reason the authors 
have used the method of tying the corolla tips.
Since the Cucurbita are 
monecious and the flowers are 
large, the prevention of con­
tamination from foreign pol­
len is rather simple. With a 
little experience, it is an easy 
matter to identify, in the 
evening before, the flowers 
which will open .the next 
morning. A string is tied 
around the corolla of the 
pistillate flowers so that they 
are prevented from opening. 
On the following morning the 
cord is removed. Pollen from 
the desired male parent is 
rubbed over the stigmatic
F ig . 22. The flowers are tied previous Surface of the pistil, and the 
to the opening of the buds to prevent flower is again tied Up, tagged 
contam ination from foreign pollen. m d  ] lb e U  In doing the
16
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pollinating, special care was exercised to prevent contamination 
by insects. For convenience, different colored tags were used for 
each combination of parents. In the hands of a skilled operator, 
isolation can be secured by tying the corollas at this time. On 
the other hand, contamination may readily occur by either 
method if the work is not done carefully. Immediately before 
being removed from the vine each fruit was relabeled, to insure 
its identity. The fruits were held unopen for a month or more 
after harvesting in order that the seeds might become fully 
matured.
REVIEW OF LITERATURE
Probably the outstanding investigation dealing with cucurbit 
crosses is that of L. H. Bailey17, The work covered over 10 
years and included approximately. 1,000 crosses. An effort was 
made to cross G. pepo, C. maxima and C. moschata. The few 
fruits which formed were mostly parthenocarpic. In the in­
stance of the G. pepo x G. moschata cross, fertile seeds were ob­
tained from three fruits. Eighty of the first hybrid generation 
plants were matured. A few second hybrid generation plants 
were also grown, from which one fruit was secured. In the 
third generation the characters were predominantly those of G. 
pepo. In summing up his studies Bailey reports that “ all efforts 
however, to combine the three species have failed and the 
speaker is convinced that under garden conditions none of the 
species habitually hybridize.”
Pammel18 interplanted the various species of cucurbits in an 
effort to secure crosses by means of natural agencies. In this 
he was unsuccessful and concludes that “ under natural condi­
tions, the different species of cucurbits will not produce hybrids 
as a rule.”
Gardeners cite numerous experiences dealing with purported 
crosses between pumpkins and squashes. However, these are 
to be given little credence since these terms are used loosely by 
the grower and the species is not indicated. Furthermore, in 
many instances they ascribe immediate effects such as off flavor 
or color, to such crosses, which is contrary to the results of 
various investigators.
FOUNDATION STOCKS
The foundation stocks used in this work were from two 
sources, first, pure lines, second, selected commercial strains. 
The varieties used, the species to which they belonged and the 
source of the seed are given below.
PURE LINES
Connecticut Field pumpkin, C. pepo, developed by E. F. Castetter at 
the Iowa Agricultural Experiment Station.
17B a iley , L. H. A  M ed ley  o f  P u m p k in s . Mem. H ort. Soc. o f  N. Y. 
1920._ 1:117-124.
B ailey , L. H . De Cucurbitus D om esticus—I. G entes Herbarium . V ol. II 
F aso  11. 1929.
“ P am m el, L. H . C ro ssin g  o f C ucurb its. Ia. A gr. Kxp. Sta. B u i. 19. 
p. 600. 1892.
17
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Table Queen, G. pepo, developed by E. S. Haber at the Iowa Agricul­
tural Experiment Station.
Large Cheese pumpkin, C. moschata, developed by E. F. Castetter at 
the Iowa Agricultural Experiment Station.
Patty Pan pumpkin, C. pepo, developed by Dr. E. W. Sinnott, Connecti­
cut Agricultural Experiment Station.
Hubbard squash, C. maxima, developed by Prof. M. B. Cummings, Ver­
mont Agricultural Experiment Station, and Prof. J. W. Bushnell, 
Minnesota Agricultural Experiment Station.
Kitchenette squash, G. maxima, developed by Prof. J. W. Bushnell, 
Minnesota Agricultural Experiment Station.
COMMERCIAL STOCK 
Marblehead squash, G. maxima 
Victor squash, 0. maxima 
Delicious squash, G. maxima 
Summer Crookneck pumpkin, C. pepo 
Striped Cushaw pumpkin, G. moschata
SPECIES CROSSES
A summary of the investigations of the crosses of cucurbits 
as carried on in both field and greenhouse is given in condensed 
form according to species in the table below. The first genera­
tion hybrids are designated as F x, the second, F 2, etc.
TABLE I .—CUCURBITA CROSSES
Parentage Pollinations Fruits Fertile seeds
C. pepo x  C, maxim a___ ______- --- — - 775 78 12
C. maxima x  C. pepo_____ __ -_ ____  -. - -- 1,217 10) 11
P i o f C. maxima x  C. pepo _ -- - 32 6 0
0 . maxima x  0 . moschata- ---  ----- - - - 72 31 Very many
P i of C. maxima X C. m oschata-- ----- -- - P istillate flo wers abunda nt.
Staminate fl owers few an d sterile.
No anthers.
C. moschata x  C. maxima ------- ----------------  - 249 69 Very many
P i of C. moschata x  C. maxima - -- _- - Staminate fl owers sterile.
C. pepo x  C. m oschata _ --- .. -- - 187 15 Many
P i of C. pepo x  C. m oschata- .  .. 19 12 Very many
P2 o f 0 . pepo x  0 . moschata _ ----  ----------- 62 19 Very many
Ps of 0 .  pepo x  C. m oschata. _ Many Many Very many
0 . moschata x  0 , pepo___  - - - - - -  - 417 39 0
T otal —  .. i - - !  - -  - — - 3,030 369
C. maxima x C. pepo
On account of the widely discussed question among gardeners 
as to whether pumpkins and squash will cross, special emphasis 
was laid upon this cross, a total of 1,955 pollinations being made, 
including the reciprocals. ~ From these pollinations 177 fruits 
were secured. Six different varieties of squash, namely, Hub- 
hard, Marblehead, Victor, Delicious, Pike’s Peak and Kitchen­
ette were used. The fruits from three of these crosses were 
parthenocarpic, i. e. without the formation of seeds. In the 
instance of the Hubbard and Connecticut Field cross 73 fruits 
were secured from 895 pollinations. A total of 11 fertile seeds
18
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TABLE II.—PARENTAGE OP SPECIES CROSSES 
C. pepo x  C. maxima
Parents Pollinations Fruits Fertile seeds
Connecticut Field x  H ubbard.. 214 18 o
Connecticut Field x  Marblehead .  . 152 12 o
Connecticut Field x  Victor . . . 120 6 9
P atty  Pan x  Hubbard _______  .  _ 181 42 10
Table Queen x  K itchenette... _____ 70 0 0
Total _______  . .  . . . 737 '78 12
C. maxima x  C. pepo
Hubbard x  Connecticut Field . . . . 895 83 11
Marblehead x  Connecticut Field . . . 142 14 0
Victor x  Connecticut Field 38 7 0
Delicious x  Connecticut Field. _ 57 0
Hubbard—unpollinated (flowers tied without 
pollinating) _ .  ____ ______  _______ 43 0 0
Kitchenette x  Table Q ueen... _. ___ 32 0 0
Pikes Peak x  Table Queen 11 0 0
Total ___ ______  .  _______ 1218 109 11
Grand Total _____  _ _ __ ___  __ 1955 187 23
resulted from this parentage. Six of these seeds came from 
three fruits grown in 1924, three seeds from two fruits grown 
in 1925, and two seeds from 
two fruits in 1926. Seven of 
the plants were very feeble 
and died when about 6 inches 
tall. The other four seedlings 
reached maturity. These four 
plants were the progenies of 
two fruits, each from a differ­
ent plant; three of the seeds 
having come from one fruit 
and the fourth seed from an­
other. The single hybrid plant 
from the first fruit has been 
designated as No. 100 and the 
three hybrid plants from the 
second fruit as No. 101.
Three cuttings were made 
from No. 100 and the three sterile hybrid wa 
resulting plants were grown in
the greenhouse. No. 100 is characterized by prickly stems, leaf 
blades and leaf stalks. Leaf blades distinctly lobed with deep 
sinuses very similar to those of the staminate parent, No. 175. 
These plants bore very few flowers, either staminate or pistillate. 
All the pollen was abortive, and examination with the micro­
scope showed it to be badly shriveled. Altho self-pollination of 
No. 100 resulted in no fruits, .several fruits were secured by back
F ig. 23. A  cross between C. m axim a, 
a squash, and C. pepo, a pumpkin. A 
the result of this
19
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crossing, as will be seen from table III. These fruits were nearly 
spherical in shape, varied greatly in size, and hard, thick, warty 
shells, and in color were dark green with a faint gray mottling. 
The seed coats and fruit stalk closely resembled those of C. pepo 
(175). None of these fruits contained any fertile seeds.
The above description of No. 100 will also serve for No. 101, 
with the exception that the terminal lobe of the No. 101 leaf 
was much shorter than that of No. 100, and the fruit of No. 
101 was light green, decidedly mottled with gray and yellow, as 
opposed to the dark green and faint gray mottling of No. 100. 
The three No. 101 plants were very similar to each other in all 
respects and were likewise sterile.
Eight plants were secured from the Patty Pan F x x Hubbard 
cross, which were very similar to the pistillate parent except 
the vining habit, a character inherited from the staminate par­
ent. From these a number of F 2 plants were grown.
C. pepo x C. maxima
A total of 486 pollinations was made in this cross, resulting 
in 36 fruits, 34 of which were parthenoearpic, i. e. reproduction 
without fertilization, and two of which produced one fertile seed 
each. These two seeds, which were a cross between the Con­
necticut Field pumpkin, C. pepo, and the Victor squash, C. 
maxima, gave rise to two feeble plants which died before reach­
ing maturity.
Thus from 1,995 pollinations a total of 177 fruits were se­
cured, 170 or 96 percent of which were parthenoearpic. The 
remaining 4 percent produced a total of 23 seeds. In one of 
these crosses the progeny was feeble and died. In the second 
instance the F x generation was totally sterile.
Bailey1® after an extended effort to cross these two species, 
reports that “ many careful pollinations have been made be­
tween these two classes of fruits, (C. maxima and C. pepo), and 
in no case have seeds been procured. Sometimes the fruit will 
develop for a time and in two or three instances a Summer 
Crookneck (C. pepo) pollinated by a Turban squash (C. max­
ima) has developed until half grown and has then persisted until 
the end of the season, but it was seedless. All our experiments 
show that C. pepo and C. maxima do not hybridize. These 
so-called hybrids are nothing more than incidental variations of 
C. pepo, and they may appear anywhere at any time.” Darwin20 
in referring to the cucurbits, makes the significant comment: 
“ Many naturalists at the present day lay far too little stress, in 
my opinion, on the test of sterility.”
In the studies made by the authors, wherein pure lines were
“ B ailey , L. H. B ui. 25. C ornell U niv. Af?r. E xp . Sta. 1£90.
“ D arw in , C harles. A n im a ls and P la n ts  U nder D o m estica tio n . V ol. 1. 
p. 373. D. A p p leton  & Co.
20
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used, the conclusion is reached that C. pepo and C. maxima and 
their reciprocals do not hybridize. (Table III.)
C. pepo x C. moschata
The F1 plants of the above hybrid (designated as No. 125) 
were grown in both greenhouse and field. The shape of the 
leaf and the degree of prickliness of leaf and stem were inter­
mediate between those of 
the parents. The fruit shape 
is short oblong, and the color 
a network of green over a 
light orange background. 
The network, incompletely 
covering the background, 
gives to the fruit the ap­
pearance of being blotched. 
These fruit characteristics 
are difficult to understand 
when we consider the shape 
and color of both parents. 
The shell of fruits is hard, 
smooth or slightly warted. 
Fruit stalk is flaring at attachment as in the staminate parent. 
Self-pollinating No. 125 shows this F1 generation to be very 
fertile, as many viable seeds were secured out of the 12 fruits 
resulting from 19 pollinations.
From these seeds a large number of F 2 plants were grown. 
Since it is not primarily the purpose to report the inheritance 
of characters in these crosses, no details will be given on the F 2 
generation except that it was somewhat fertile, for out of 62 
self-pollinations of the F 2 (designated as No. 127) 19 fruits with 
many viable seeds were secured. The F 3 was also grown and 
found to be fertile.
F ig . 24. F„ generation of Large
Cheese, C. m oschata , X  Connecticut
F ield , C. pepo. This cross proved fer­
tile . H ow ever such crosses occur
rarely, if  ever, under natural condi­
tions.
TABLE III
C. pepo x  C. moschata
Parentage
No.
pollinations Fruits Fertile seeds
Connecticut Field x  Large Cheese - - _ ___ 134 14 57
'fable Queen x  Large Cheese __ __  MM . 29 0 0
Connecticut Field x  Striped Cushaw__ .. _ .. 24 1 Many
F i of Connecticut Field x  Large Cheese_____ 19 12 Many
Fa of Connecticut Field x  Large Cheese___ _ __ 62 19 Many
F 3 o f  Connecticut Field x  Large Cheese* -- _ Several Several Many
C. moschata x C. pepo
Large Cheese x  Connecticut Field _ ____ 334 19 0
Large Cheese x  Table Queen _ _ . . .. 41 2 0
Striped Cushaw x  Connecticut F i e l d ______  _ 62 18 0
Total - ____  __ -------  --------- 728 85
1
0
*Not included in to ta l.
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The failure to secure any fertile seeds of C. moschata x G. 
pepo is surprising, in view of the large number of fertile F 1? 
F 2 and F 3 seeds secured in the reciprocal pollinations.
CONCLUSION REGARDING C. pepo x C. moschata
CROSSES
In this cross a total of 534 pollinations resulted in 52 fruits. 
In the instance of the Connecticut Field x Striped Cushaw 
cross, many of the fruits contained a quantity of fertile seed 
and the sex organs remained normal; and the F 3 generation 
showed vigor and was able to maintain its power of reproduc­
tion. On the other hand, in the reciprocal cross no fertile seeds 
resulted. The ability of C. pepo x C. moschata cross to main­
tain itself permanently is still a question. The fact that such 
crosses are unknown, tho there is a wide opportunity for such an 
occurrence under field conditions since the Connecticut Field 
and Cushaw pumpkins are quite common in the Same territory, is 
significant. Taxonomically, we are in this instance dealing with 
two distinct species of pumpkins; and the taxonomic relationship 
is closer between them than to the third species, C. maxima. 
The evidence indicates a greater possibility of species hybrids 
between this cross than any other. This coincides with the re­
sults of Bailey, who maintained a cross of C. pepo x C. moschata 
for three generations. He also notes that the pepo characters 
tended to become more and more dominant. The data secured 
by the authors lead to the conclusion that such a cross is pos­
sible. On the other hand, we are convinced that such crosses 
seldom if ever occur in nature. Correspondence with leading 
American seedsmen, who have been dealing with the problem 
of true strains and contamination from hybrids for decades, 
elicits the fact that crosses between varieties belonging to C. 
pepo and those belonging to C. moschata have never been ob­
served by them. Certainly such combinations must be indeed 
rare to have escaped the discerning eye of the propagator who 
is concerned with this vital problem.
During the past seven years the authors have grown on the 
station grounds practically every variety of cucurbit offered in 
the American seed trade under every name whatsoever. Many 
of the lots were repeated the second and in some instances the 
third year. In the station collection not a single case showing 
evidence of a C. pepo x C. moschata hybrid has appeared.
In the inbreeding experiments a number of varieties belonging 
to each of the species of cucurbits has been used. In the segre­
gates no evidence of such crosses have appeared. The same is 
true as regards other investigators who have developed pure 
lines of the different species of cucurbits. Will the two species 
of pumpkins, C. pepo and C. moschata cross? The answer 
seems to be, theoretically, yes; practically, no.
22
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C. maxima x C. moschata
The F x plants of Hubbard x Large Cheese (designated No. 
15) showed remarkable hybrid vigor. The stems and leaves 
were rough hairy, the leaf 
blades being intermediate in 
shape between those of C. 
maxima and C. moschata, 
with silvery spots at the in­
tersections of the veins.
Pistillate flowers abundant.
Staminate flowers very few, 
abortive and sterile. Numer­
ous fruits were secured by 
back crossing and open pol­
lination. These fruits were 
nearly spherical in outline, 
with a hard, thick shell cov­
ered with warts and of the 
characteristic Hubbard color. The fruit stalk was ridged and 
furrowed, hard, but not flaring at the base.
The F x of Large Cheese x Hubbard showed decided hybrid 
vigor. The leaves and stems were prickly, leaves reniform and 
bearing white spots at the intersection of the veins. Fruit stalk 
distinctly ridged and furrowed and flaring at the base. Fruit 
flattened as in Large Cheese. Color dark green and warted. 
A few F 2 seeds were found to be viable, but the F 2 generation 
was not grown.
TABLE IV
C. maxima x  0 . moschata
Parentage Pollinations Eruits Fertile Seeds
Hubbard x  Large Cheese____ 72 31 Very many
C. moschata x  C maxima
Large Cheese x  Hubbard 200 -43 Many
Striped Cushaw x  Victor _ ____ 1 1 0
Striped Cushaw x  Marblehead- _ .  „ 48 25 2
T otal - - - - - - -  . . . . . 321 100
C. maxima x  C. m oschata
Pollination of F i hybrids
No.
pollinations Eruits Fertile Seed
No. 15 selfed___ ____________ 2 0 0
No. 15 unpollinated (tied up without (pol-
linating) .... _ _____ 63 0 0
No. 15 x  Hubbard____________ 87 18 Few
No. 15 x  Large Cheese.. .  . 103 28 Few
Hubbard x  No. 15_______ 13 2 0
Large Cheese x  No. 15. .  . 5 0 0
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The two seeds resulting from Striped Cushaw x Marblehead 
produced plants which were grown in the greenhouse and were 
very vigorous. Shape, spotting and hairiness of the leaves, as 
well as shape and texture of the flowers, were very similar to 
those of Striped Gushaw. The staminate flowers were entirely 
sterile, having not even a trace of pollen. Fruits were secured, 
however, by using pollen from a Hubbard squash growing in 
the greenhouse at the same time. These fruits were identical in 
size, shape and color with the Striped Cushaw itself. In no case 
were any viable seeds found in the fruits. Thus an F 2 genera­
tion was not obtainable.
These two species appeared to cross the most readily of any 
of the combinations studied in this investigation. The cross 
showed a reasonable set of fruit, containing a quantity of fertile 
seed. The critical test, however, in any cross is in the ability 
of the progeny to perpetuate themselves. From this standpoint 
the C. maxima x C. moschata and the reciprocal crosses were a 
failure. In the F x generation, as will be noted in the above 
tables, 117 fruits were secured from 273 pollinations of the F x 
hybrids. Two of these contained fertile seeds, the remaining 
98.3 percent being parthenocarpic. The C. maxima x C. mos­
chata crosses developed many fertile seeds and good vigor. In 
the F-l generation, however, the staminate flowers showed a pro­
nounced tendency to become abortive. Castetter and Erwin'"1 in 
their preliminary report stated that C. maxima will cross with 
C. moschata but not with C. pepo. The subsequent studies of 
these crosses, as indicated above, elicit the fact that the C. 
maxima x C. moschata crosses prove sterile in the first hybrid 
generation. We therefore conclude that C. maxima and C. pepo 
are mutually sterile.
Intervarietal Crosses
A large number of varietal crosses were made within the 
species, particularly in the case of C. pepo, which includes two 
groups of so-called squashes. These included the following 
crosses and the reciprocals:
Crookneck x Patty Pan 
Table Queen x Crookneck 
Patty Pan x Table Queen 
Cocozelle x Table Queen 
Sugar Pie x Table Queen
Mr. Richard Dickinson,* of Illinois, who has made a special 
study of varieties of pumpkins with particular reference to their 
canning quality, gives us the following report on the Cushaw 
x Kentucky field cross.
“ The color was similar to that of the Kentucky Field. In 
shape the fruit is similar to the Cushaw, except that it does
^ C astetter, E. F., and E rw in , A. T. A  S y stem a tic  S tu d y  o f -Squashes 
and P um pkins. B ui. Io w a  A gr. E xp. Sta. 244:109. 1927.
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not have as much of a crook neck; in fact, some of the specimens 
show only a slight tendency in this direction. The cross did 
not have a pleasing shape for a canning variety, and we did 
not regard it as promising.”
Sinnott and Durham22 describe a number of crosses between 
the following varieties of C. pepo:
Crookneck 
Patty Pan 
Fordhook 
Marrow 
Cocozelle •
In the inbreeding of Table Queen, segregates of Summer 
Crookneck and also Patty Pan were found in Table Queen by 
the junior author. I t was found that such crosses result in a 
serious deterioration in quality of Table Queen. It is aside 
from the purpose of this paper to enter into a genetic study of 
these varietal hybrids. Suffice it to state that those listed above 
crossed readily, the flowers set freely, including the reciprocals, 
and there was a liberal supply of fertile seed from the cross.
Inbreeding in Relation to Vigor and Productiveness in 
the Cucurbits
Inbreeding in the development of pure lines was a necessary 
corollary to the studies made by the authors. In many groups 
of plants inbreeding, or self-fertilization, seriously impairs vigor. 
In connection with the development of pure lines in the cucur­
bits the following study was made by the junior author regard­
ing the influence of the inbreeding on vigor and productiveness 
in this group.
Cummings and Stone23 working with the Hubbard squash con­
cluded that neither self-pollination nor inter-crossing were in­
fluential in controlling yield, but seed selection was effective. 
Bushnell24 did not encounter inherited self-sterility in the in- 
breeding of the Hubbard squash to isolate pure lines, and since 
successful pollinations were made under a wide range of weather 
conditions, at any time of the day and at any time during the 
full bloom, the author concluded that physiological differences 
between flowers at time of blooming determined whether the 
pollination was or was not successful. The same author25 found 
that the inbred lines of Hubbard squash averaged less than 5 
percent lower yield than commercial checks and that their 
hybrids produced nearly the same yields as the checks. He con­
cluded that “ inbreeding has isolated uniform strains without 
marked loss of vigor and hybrids between these inbred strains 
show a correspondingly small increase in vigor.”
22S in n o tt and D urham . Jour, o f H ered ity . X III  No. 4 p 177 1922
“ C um m ings, M. B., and Stone, W . 6 . Y ie ld  and q u a lity  in  H ubbard  
sq u ash . V t. A gr. E xp . Sta. B ui. 222. 1921.
_ ’»B u sh nell, J. W . The fe r t i l i t y  and fr u it in g  h a b it in  C ucurbita. A m er. 
Soc. H ort. Sci. P roc. (1920). 17:47-51.
« B u sh n e ll, J. W . I so la tio n  o f  u n iform  ty p e s  o f  H ubbard sq u ash  by  
in b reed in g . A m er. Soc. H ort. Sci. P roc. (1922). 19-139-144
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Cummings and Jenkins26 comparing an open-pollinated line, 
a high quality selfed line and a low quality selfed line of Hub­
bard squash over a 10-year period came to the conclusion that 
no ill effects resulted from inbreeding.
Vigor and reproductive capacity were maintained without 
intercrossing. The average number of leaves and the average 
length of vine increased slightly while the selfed lines decreased 
in this respect. Reproductive capacity was maintained as shown 
by a gain in average number of squashes per vine, in the average 
weight of squashes and in the average number of viable seed. 
Rosa27 observed the effect of inbreeding in the second inbred 
generation of the Salmon Tint melon. No constant differences 
were noted in flesh color, carpel number, season of ripening, or 
sex arrangements of the flowers. However, differences were 
found in yield of seed, average weight per seed and the degrees 
of development of sutures and ribs.
Sinnott and Durham28 found certain “ lines of C. pepo which 
persisted thru six seasons of inbreeding and show no lack of 
fertility. In vigor, many of them, are somewhat inferior to 
heterozygous plants, but they have apparently reached a point 
where they are maintaining themselves without further loss of 
vigor or fertility.”
Three commercial strains of C. pepo, variety Table Queen29, 
were secured in 1922, from which the foundation stock of our 
inbred lines was secured. Only those inbred specimens were 
saved each year which would run fairly true to type, color and 
size. Then the specimens which fulfilled these requirements 
were subjected to a “ bake-test” and only those saved whieh 
Were of high quality, i. e. good texture, good color of flesh, good 
flavor, free from stringiness and not watery. No attention was 
paid to the yield of the vines from which the inbred lines were 
selected. When blossoms were selfed on a vine the remaining 
open-pollinated specimens were removed, because it was found 
that a greater percentage of the selfed blossoms set fruit when 
this practice was followed. Consequently there were no means 
of observing whether the inbreds came from high or low yielding 
vines.
In the spring of 1928 six inbred lines of C. pepo, variety Table 
Queen, were planted, on which no seifs were to be made during 
the growing season. The-yielding capacity of these lines was 
unknown and they were selected at random. The three com­
mercial lines from which the inbred lines were secured were
“ C um m ings, M. B., and J en k in s, E . W . P ure lin e  s tu d ie s  w ith  ten  
g en era tio n s o f H ubbard squash . V t. A gr. E xp . Sta. B ui. 280. 1928.
’"Rosa, J. T. R e su lts  o f in b reed in g  m elon s. Arher. Soc. H ort. Sci. 
Proc. (1927) 24:79-84.
28S in n ott and D urham . Jour. H ered ity . X III. No. 4. p. 177., 1922. 
^ C astetter, E . F ., and E rw in , A. T. A  sy s te m a tic  s tu d y  o f sq u a sh es  
and pum pkins. Ia. A gr. E xp. Sta. B ui. 244. 1927.
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planted as checks. The seed was sown in hills spaced 9 feet 
apart each way. The plants were thinned to one plant per hill 
when the first two true leaves were about the size of the palm 
of the hand.
The yields were taken on Sept. 20 just previous to the first 
killing frost. The fruits were classified into mature and im­
mature fruits by the color of the skin. A mature Table Queen 
has a very dark green or almost black skin, while the immature 
fruits are lighter green in color and usually are smaller, altho 
color of skin rather than size was taken as an index of maturity.
TABLE V. COMPARISON OP THE SIZE OP THE PRUIT AND YIELD OP IN-' 
BREDS AND COMMERCIAL VARIETIES OP TABLE QUEEN (C. PEPO)
Line
No. of 
vines
No.
mature 
fruits 
per vine
No. im­
mature 
fruits 
per vine
Average 
wt. mature 
fruits
Average 
w t. im­
mature 
fruits
Total wt. 
mature 
fruits 
per vine
Inbred I 8 21.5 7.9 20.50 oz. 14.4 oz. 27.6 lbs.“ II _______________ 8 29.0 5.2 20.29 “ 13.40 “ 36.6 ““ III _ 9 24.8 5.3 23.41 1 11.73 9 36.4 ““ IV ______ 8 12.9 l . i 25.82 “ 15.56 “ 20.1 “V 9 22.0 2.7 26.10 “ 13.38 “ 36.2 “VI _ _ 9 15.8 3.1 24.77 “ 13.00 “ 24.7 “Commercial 17 _ 10 10.8 0.8 22.33 “ 13.50 “ 16.4 ““ 28 ____ . 10 14.4 2.9 21.14 “ 12.52 “ 16.7 ““ 29 10 12.8 0.6 21.07 “ 14.83 1 19.6 “
From Table Y we see that the average number of fruits per 
vine was higher in five of the six inbred lines than in the three 
commercial lines. The number of immature fruits as a rule 
was greater in the inbred lines. However Commercial Strain 
No. 28 had more immature fruits .than Inbred Lines IY and Y. 
If the growing season had been longer we could expect a still 
greater difference in number of fruits in favor of the inbred 
lines. The total weight or yield of mature fruits as shown in 
column seven is much greater in every inbred line than in any 
of the three commercial lines.
TABLE VI. DETAILED ANALYSIS OP TWO TYPICAL INBRED 
PARED WITH A TYPICAL COMMERCIAL LINE
LINES COM-
Inbred Line IV Inbred Line V Commercial Line 29
Vine No. No. m a­
ture fruits 
per vine
Av. wt. 
mature 
fruits
No. m a­
ture fruits 
per vine
Av. w t. 
mature 
fruits
No. m a­
ture fruits 
per vine
Av. wt. 
mature 
fruits
1 _____ 12 24.00 "oz. 43 28.44 oz. 7 20.71 oz.2_ , 13 24.92 B 27 26.11 B . 28 21.50 “3 ----------- --------- 16 26.00' “ 19 25.63 “ 16 19.12 “4 10 23.50 “ 12 24.58 “ 19 26.37 “5__ ____  _____ 17 27.35 1 19 25,63 “ 19 23.68 “6 - _ : 12 27.17 “ 20 24.95 “ 7 18.29 “7 _ _ 12 27.50 “ 25 24.92 “ 8 20.37 «8 ______________ T1 25.73 “ 17 28.59 “ 10 18.10 19___ 16 26.12 “io____ '__ 10 19.43 “i A -
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In table VI we find that the variation in the average weight 
of the individual fruits is much less from vine to vine in the 
inbred lines than in the commercial lines. This is not unexpected 
since the inbreds saved each year depended first on external 
characteristics of the fruit. Only those seifs were saved which 
were of desirable size and color and typical specimens of the 
variety. On the other hand, from table VI we can see that there 
may be a great deal of variation in the number of fruits between 
the vines in the same line. Inbred Line IV is probably reason­
ably homozygous as to fruit size and nearly so as to the number 
of fruits. On the other hand, Inbred Line Y shows a wide range 
from vine to vine within the line as to number of fruits per 
vine, altho it is probably homozygous for fruit size. Commercial 
Line 29 is neither homozygous as to fruit size nor number of 
fruits per vine.
TABLE VII. COMPARISON OE ALL INBRED AND COMMERCIAL LINES
All inbred lines. . . .  _ _
Average wt. 
per fruit 
in ounces
Mean. No. fruits 
per vine Mean w t. per vine
Mature Immature Mature Immature
28.23 0.114- 
21.68 0.144- 
1.55 0.174-
21.0
12.7
8.3*
4.2
1.4
2.8*
487.9 oz. 
274.6 oz. 
213.3 oz.*
56.2 oz. 
18.7 oz. 
37.5 oz„*
All commercial lines___—_
Differences
*Probable error is not figured since the differences are so great.
The average weight of the fruits of the inbred lines was 
greater than that of the commercial strains. The inbred lines 
averaged a considerably greater number of fruits, counting 
both mature and immature, than the commercial lines. C. pepo, 
variety Table Queen, was the kind used in this detailed study. 
This variety is one of the small-fruited early-maturing sorts, and 
the plant is not as vigorous as are the larger-fruited late-matur­
ing sorts. For this reason it was selected, as any tendencies 
toward weakness from inbreeding would probably be more pro­
nounced. In connection with this study, however, field obser­
vations were made upon C. moschata, variety Large Cheese; 
C. pepo, variety Connecticut Field; and C. maxima, variety 
Hubbard. In all of them there was evidence of a good average 
physical vigor in the inbred lines and an absence of serious 
physical impairment from self-fertilization as was found to be 
the case with corn and many other crops.
CONCLUSION
The evidence presented in these studies would seem to war­
rant the conclusion that pure lines may be developed in the 
cucurbits without serious impairment of vigor and productive­
ness.
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RATIO OF STAMINATE TO PISTILLATE FLOWERS
In connection with the pollination work the question arose as 
to the relative number of pistillate flowers available, the flower 
sex ratio and the normal period of flower production in this 
group. The five plants comprising one hill used in this study 
were C. pepo, variety Table Queen. The seeds were planted the 
middle of May, which is approximately the normal time for 
planting in this region. The blossoms were tagged but not re­
moved; hence the plants were permitted to develop in a normal 
manner. The first blossoms appeared July 11, on which date 
the first count was made. The last count was made on Sept. 23. 
The results are presented herewith in graphic form.
The staminate flowers appeared for a full month before the 
pistillate. A total of 150 opened before any pistillate flowers 
were in evidence. At the close of the season the pistillate flow­
ers continued slightly longer than the staminate. During the 
last five days covered by the record there was 1 staminate flower 
to 14 pistillate. There was a total of 1,794 blossoms, 134, or 
7.5 percent, of which were pistillate and 1,660, or 92.5 percent, 
staminate, or a flower sex ratio of approximately 12 staminate 
to 1 pistillate. It may also be noted that 55 percent of the
P ig . 26. Chart show ing distribution of stam inate and p istillate flow­
ers, G. pepo. Table Queen variety.
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'pistillate flowers set fruit. The variety Table Queen produces 
a much smaller fruit than most varieties of pumpkins, which 
probably accounts for the large number of blossoms that set. 
i These studies confirm the investigations made by L. H. Bailey 
on the muskmelon and cucumber, which in their general trend 
closely parallel the results stated above.
Do Squashes and Pumpkins Cross?
Do pumpkins and squashes mix? asks the gardener. The 
literature on the subject is confusing owing to the fact that 
[the terms “ pumpkin” and “ squash” have not been heretofore 
[clearly defined and consequently have been used more or less 
interchangeably. The King of the Mammoth group, for ex­
ample, is listed by some seedsmen as a squash and by others as 
a pumpkin. In the past, effort has been made to distinguish be­
tween these two groups on the basis of either place grown or the 
use of the product. Sturtevant suggests that the varieties 
grown in the garden are squashes and those in the field are 
pumpkins. Other authorities have defined the squashes as the 
sorts used for human food and the pumpkins as the stock food. 
Obviously neither of these definitions will hold and the only 
consistent basis for classification is one based upon taxonomic 
characters.
A classification of pumpkins and squash based upon their 
botanical relationship is proposed by Castetter and Erwin30, 
who classify the C. pepo and C. moschata as pumpkins and the 
C. maxima as a squash. In this classification emphasis is placed 
upon the character of the fruit stalk, the pumpkin having a 
hard woody stem which is ridged and furrowed, whereas the 
true squashes have a swollen stem which is cylindrical rather 
than ridged and furrowed and inclined to be soft and spongy 
and yield to the thumb nail. In this publication the classifica­
tion by Castetter and Erwin is followed thruout.
From the data presented in the foregoing discussion, it is 
obvious that in answering this question it must be kept clearly 
in mind as to what is a squash and what is a pumpkip, and 
second, which varieties belong to the two species of pumpkins 
and which ones to G. maxima, the true squashes. Since fertile 
crosses are limited to the varieties belonging to the same species, 
the answer to the growers’ questions as to which varieties will 
mix is to be found in the species relationship. Herewith is pre­
sented a list of the commercial varieties and synonyms of cucur­
bits under the respective species to which they belong.
30C astetter, E . F ., and E r w in , A. T. A  sy s te m a tic  s tu d y  o f sq u a sh es  
and pum pkins. Ia. A gr. E xp . Sta. B ui. 244. 1927.
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PUMPKINS 
C. pepo 
Cocozelle 
Connecticut Field 
Delicata
Early White Bush 
Scallop
Early Yellow Bush 
Scallop 
Fordhook 
Fordhook Bush 
Fort Berthold 
Golden Custard 
Golden Oblong 
Long Island White 
Bush Scallop 
Long White Marrow 
Mammoth Tours 
Mammoth White Bush 
Scallop 
Mandan 
Omaha 
Panama 
Perfect Gem 
Pie Pumpkin 
Sandwich Island 
Strickler 
Sugar Pumpkin 
Table Queen 
Yining Cocozelle 
White Summer Crook- 
neck
White Vining 
Vegetable Marrow 
Winter Nut
Yellow or Golden Sum­
mer C'rookneck 
Zucchine
PUMPKINS 
G. moschata 
Calhoun 
Chirimen 
French Cocoanut
Japanese Pie 
Large Cheese 
Mammoth /Golden 
Cushaw
Striped Cushaw 
Tennessee Sweet 
Potato
White Cushaw
Quaker Pie
Small Golden Cushaw
SQUASHES 
G. maxima 
Alligator 
American Turban 
Arikara 
Atlas
Autumnal Marrow 
Banana 
Bay State 
Delicious 
Delicious—'Golden 
Essex Hybrid 
Estampes 
Faxon’s Brazilian 
Genuine Mammoth 
Gilmore 
Hubbard—Blue 
Hubbard—Chicago 
Warted
Hubbard—Golden
Hubbard—Green
Hubbard---Kitchenette
Ironclad
Mammoth Chili
Mammoth Whale
Marblehead
Plymouth Rock
Prolific Marrow
Sibley
Victor
Warren
Winnebago
The grower may therefore find the answer to his question by 
referring to the species classification of the particular variety in 
mind. In general, it may be said that a given variety will cross 
with any other variety within the same species. On the other 
hand, the studies in the crossing of cucurbits made at this station 
clearly indicate that the true squashes, C.. maxima, produce 
sterile hybrids when crossed with either species of pumpkin. 
The practical answer to the gardener’s question, Do pumpkins 
and squash mix ?, is, No, they do not, assuming that all varieties 
of C. maxima are classed as squashes and varieties of C. Pepo 
and C. moschata as pumpkins. Crosses between C. pepo and 
C. moschata are theoretically possible but apparently do1 not 
occur in nature.
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